advocated to enhance patient autonomy, avoid futile medical intervention, and make death more humane. Although studies on DNR orders and end-of-life care have been conducted in general medicine and medical intensive-care settings, relatively few studies have been conducted in the surgical intensive-care setting, 4−7 especially in Asia where traditional Oriental cultures avoid discussion about death. End-of-life decisions are always difficult and complex, but they can be especially challenging in the surgical setting, where major operations are part of a concerted effort to sustain life and reverse critical illness. 8 Patients in the ICU usually receive treatments that are more aggressive and are less likely to be labeled as terminal patients, and thus requiring palliative care. The present study was conducted to survey each aspect of DNR, determine the clinical factors that influence DNR consent, and assess the impact of DNR consent on treatment in the surgical ICU.
Materials and Methods

Data collection
This retrospective observational study was performed at the National Taiwan University Hospital (NTUH), a 2000-bed tertiary medical center with a full range of departments.
The surgical ICU at NTUH comprises five units: the 20-bed cardiovascular unit, the 8-bed chest unit, the 11-bed neurosurgery unit, the 16-bed general unit, and the 9-bed trauma unit. The ICUs are run by a semi-closed system. There are full time intensivists to monitor routine critical care; however, operating surgeons respond to problems related to surgery. In January 2003, the surgical ICU began maintaining records of all surgical ICU patients who ultimately died, for quality-assurance purposes. Data collected included the following: (1) patient characteristics including age, sex, religion, education, occupation, marital status, consciousness level at ICU admission, type of operation (elective or emergent), ICU admission diagnosis, and cause of death; (2) ICU course data including date of ICU admission, DNR consent status, date of death or ICU discharge, and length of ICU stay; (3) DNR characteristics including person who suggested DNR order, person who signed DNR order, and content of DNR order; and (4) treatment intensity including fraction of inspired oxygen (FiO 2 ), ventilator use, antibiotic use, chest radiography, blood sampling for laboratory examination, inotropic equivalent (IE), 9, 10 dialysis, mechanical circulatory support, nutrition, transfusion, sedative use, analgesic use, neuromuscular blocking agent use at time of ICU admission, DNR signature, and death.
A total of 14,698 patients were admitted to the surgical ICUs at NTUH between January 2003 and December 2006. Of these, 13,825 (94.1%) survived to ICU discharge and 873 (5.9%) died, including 278 (1.9% of total patients) that went home to die due to terminal stage illness and 595 (4.0% of total patients) who died in the ICU. All dead patients were included in the study. The local culture favored dying at home rather than in the hospital, therefore, some families asked to be informed when the patient's heart was near asystole, so that the patient could be taken home to die. A nurse usually accompanied the patient home with family members. Upon arriving, the nurse withdrew the endotracheal tube and vasopressor drugs. Death would ensue within minutes to hours.
Statistical analysis
Statistical analysis was performed using SPSS version 11.5 (SPSS Inc, Chicago, IL, USA). Normally distributed variables were reported as mean ± standard deviation. Means were compared using one-way analysis of variance. Categorical data were assessed using the χ 2 test or Fisher's exact test. A paired t test was used to compare the means for (1) treatment intensity at ICU admission and at the time of DNR signature; and (2) treatment intensity at the time of DNR signature and at the time of death in patients who gave DNR consent. The McNemar test was used to compare categorical data for (1) treatment intensity at ICU admission and at the time of DNR signature; and (2) treatment intensity at the time of DNR signature and at the time of death in patients who gave DNR consent.
Results
The DNR rate, interval between ICU admission and DNR consent, interval between DNR consent and death, and length of ICU stay for each year during the 4-year study period are shown in Table 1 . The DNR rates were above 65% throughout the study period. DNR rates in patients who died in ICU or went home to die were 71.3% (424/595) and 63.7% (177/278), respectively. The interval from ICU admission to DNR consent remained stable at 11-13 days throughout the study period, but the interval from DNR signature to death increased over the study period, from 2.0 to 3.5 days. Although not to a significant level, the length of the ICU stay also increased. Discussion over DNR orders was initiated by intensivists (37.5%), surgeons (25.2%), ICU rotating junior residents (21.5%), senior residents (12.6%), family (2.5%), nurses (0.5%), and patients themselves (0.2%). DNR consent was signed by children of the patient (57.4%), spouses (24.7%), parents (11.2%), siblings (5%), and others (1.8%).
Comparison of patients over 18 years of age with and without DNR consent is shown in Table  2 . Univariate analysis revealed that DNR patients were older and more likely not to have an occupation than non-DNR patients. A statistically significant difference between the two groups was also found in the distribution of surgical sections. The DNR rate was the highest in the neurosurgery unit (81%) and the lowest in the cardiovascular unit (63%).
All of the variables, including the continuous variable of age, the binary variables of gender, consciousness at ICU admission, status of brain death, occupation, religion, marital status, level of education, and surgical sections were entered into a multivariate logistic regression model. Older age was found to be an independent significant factor associated with DNR consent (odds ratio, 1.010; p = 0.017).
Comparisons of treatment intensity at the time of death between DNR and non-DNR patients are shown in Table 3 . DNR patients had a longer ICU stay, lower FiO 2 , lower IE, less dialysis, less transfusion, less laboratory examination, less chest radiography examination, more use of sedatives and analgesics, and more use of nutrition at the time of death than non-DNR patients. But there was no difference in ventilator use between the two groups.
Comparisons between (1) treatment intensity at ICU admission and at time of DNR signature (p 1 ), and (2) treatment intensity at time of DNR signature and at time of death (p 2 ) in patients who had DNR consent, stayed in the ICU for at least 3 days, and had a date of death different from the date of DNR signature are shown in Table 4 . All treatments from ICU admission to DNR signature were increased significantly except FiO 2 , neuromuscular blocking agent, and mechanical circulatory support. After DNR signature, use of advanced antibiotics, chest radiography, laboratory examination, and transfusion significantly decreased. However, inotropic infusion measured by IE increased significantly.
Discussion
Late DNR signature
In the surgical ICU, DNR rates in patients who ultimately died were above 65% in all 4 years of the study period. This finding was consistent with previous studies of DNR rates in Western countries, which ranged from 62-75%. 11−13 In the present study, the average interval from ICU admission to time of DNR consent ranged from 11-13 days.
In modern ICUs equipped with a number of lifesustaining treatments, a few extra days were needed for doctors to be confident that further aggressive treatment would be futile. Almost all treatments increased from ICU admission to the time of DNR consent. This indicated that therapeutic options had been exhausted, and the DNR consent was signed only at the terminal stage. This may explain the long average interval from ICU admission to DNR consent, with a range of 11-13 days. The average interval from DNR to time of death increased over the 4-year study period, from 2.0 to 3.5 days. In some countries where withdrawing life support is legal, death occurred in 4.3-6.5 hours once the decision to withdraw life support was made. 5, 14 In Taiwan, however, the law related to DNR specifies that only the patient can make the decision to withdraw life support; the family are only allowed to withhold life support, even if a DNR consent was signed by them. Usually at this time, the patients had been placed on many artificial organ support treatments, such as a mechanical ventilator, extracorporeal membrane oxygenation, renal replacement therapy, etc. These artificial organ support treatments could maintain even a terminal patient for many days. This may explain why the time from DNR consent to the time of death increased over the study period.
DNR characteristics and predictors
In this study, discussion of palliative care was mainly initiated by intensivists. In a semi-closed ICU, intensivists are responsible for daily critical care and have more chances to communicate with the family. Hence, they became the key people to initiate discussion of DNR with the family. By contrast, surgeons always recognized the patient's death as their professional failure, and were reluctant to discuss DNR with the family. Very few family members and patients actively addressed this topic. Many previous studies have shown that the physician was dominant in decisions regarding palliative care and usually initiated discussion around this topic. 5, 11, 15, 16 In the present study, children of the patient were the most common people to sign the DNR consent, followed by the patient's spouse, even though Taiwanese law gives the spouse the first priority to sign DNR consent.
Multivariate logistic regression analysis showed that older age was significantly associated with DNR consent. Many previous studies also found that ICU patients with DNR consent were older and had more severe illness. 16−22 In contrast to the present study, some studies found that impaired consciousness at ICU admission was also correlated with DNR. 17, 20, 22 Difference in rates of DNR consent was found among different surgical sections, although these differences were not significant using the logistic regression model. We believe that this difference was due to different attitudes among physicians. Other studies have also noted that variations in the use of DNR in the 
Effect of DNR consent
This study showed that patients with DNR consent had longer ICU stays than patients without DNR consent. Previous studies have also found that patients who had DNR consent, or decided to withhold or withdraw life support, had longer ICU stays than patients who did not have DNR consent or decided to maintain life support. 4, 5, 14, 15, 17, 18 By contrast, Rapoport et al 21 found that non-survivors with early (first 24 hours) DNR consents had shorter median ICU stays than the comparison group of non-DNR patients. In our surgical ICU patients, DNR was signed only after treatment had been exhausted. Therefore, early initiation of DNR discussion by physicians should be promoted to reduce the length of the ICU stay. Our patients with DNR consent received less aggressive treatments and received more sedatives and analgesics at the time of death than patients without DNR consent. However, the use of mechanical ventilation did not differ between the two groups. This is because more than 90% of admitted surgical ICU patients received mechanical ventilation. This treatment can only be withdrawn by the patients themselves, not by their family. A DNR consent was usually signed by the family when the patient was terminal. At this time, the patient had usually been intubated and could not sign DNR consent by themselves to withdraw mechanical ventilation. Hence, nearly 95% of our surgical ICU mortality patients had mechanical ventilation at the time of death. This may explain why there was no difference in ventilator use between the two groups.
After DNR consent, the use of advanced antibiotics, chest radiography, laboratory examination, and transfusion decreased. Inotropic infusion measured by IE was the only treatment that significantly increased. In countries where withdrawing life support is legal, the most frequently withdrawn therapeutic interventions are vasoactive drugs and supplemental oxygen. 5, 15 In the present study, diagnostic procedures (chest radiography and laboratory examination) decreased after DNR consent. Many treatments did not change, however, because of the inability to withdraw life support. Moreover, inotropic infusion measured by IE increased. This indicated that medical personnel felt uncomfortable with hypotension in terminally ill patients and thus increased inotropic infusion even in patients with DNR consent.
In conclusion, discussion of palliative care in the ICU is mainly initiated by intensivists, and DNR consent is signed mainly by patients' children in Taiwan. This study found that DNR consent was usually given late in the ICU course, when therapeutic options had been exhausted. Because of the inability to withdraw life support, most treatments did not change after DNR consent, and inotropic infusion actually increased. Early initiation of DNR discussion by physicians should be promoted to improve end-of-life care and reduce futile treatments in the ICU.
